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 One knowledge gap hindering prairie restoration is uncertainty about when a 
restored prairie communities sufficiently resemble remnant prairie.  I surveyed plant 
communities in remnant prairies, prairies > 5 years post-restoration, and prairies ≤ 5 
years post-restoration in Mississippi.  Remnants had the greater species richness.  
Restored prairies had less cover of woody plants and forbs but greatest non-natives.  
Restored prairies were not similar to remnant prairies (similarity index = 28.9 – 25.9%), 
primarily because restored prairies had fewer prairie forbs.  Thus, restoration may take 
decades.  Transplanting locally-adapted prairie forbs into restored prairies may accelerate 
restoration, but this has not been evaluated adequately.  I transplanted a prairie forb 
(Liatris pycnostachya) into prepared beds, old-fields, and restored prairies.  Prepared 
beds had greater growth and seed production, but survival and flowering was high in old-
fields and restored prairies.  Augmenting restored prairies with locally-adapted forbs has 
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The Black Belt Region of Mississippi and Alabama is the largest blackland prairie 
in the southeastern United States (Peacock and Schauwecker 2003).  Large, contiguous 
tallgrass prairies are now extremely scarce over their historic range, with < 1% of the 
original prairie area remaining in Mississippi (Barone 2005).  In the 1830’s, open 
grasslands with scattered trees were present on one quarter of Alabama’s Black Belt 
region with dense forests and forest savannas covering the remaining 75% (Barone 
2005).  Prairie grasslands existed on more alkaline soil and ranged from 2 to 400 ha in 
size (Barone 2005).   
Agriculture dominated Black Belt region by the late 1800’s.  Fertility of the Black 
Belt attracted cotton and corn farmers who were leaving depleted soils of Virginia and 
the Carolinas.  During the American Civil War, this region was known as the “Corn Belt 
of the Confederacy” (Peacock and Schauwecker 2003:3).  
The diversity of plants in Blackland prairies and the subsequent periodicity of 
available foods results in a continuous food source and cover on native prairies for many 
wildlife species (Packard and Mutel 1997).   Historically, open prairies provided habitat 
for grassland birds and small mammals, such as Colinus virginiana (northern bobwhite), 
Sylvilagus floridanus (cottontail rabbit), and Sigmodon hispidus (cotton rats).  Also 
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associated with blackland prairies were woodland savannas and forests comprised of 
trees, shrubs, and vines that were habitat for edge and forest wildlife such as owls, hawks, 
songbirds, Meleagris gallopavo (wild turkey), Odocoileus virginianus (white-tailed deer), 
and foxes (Packard and Mutel 1997).  
Native grassland restoration on private and public lands has become a 
conservation initiative from local to national levels of government (Jones et al. 2007).  
Native grasslands reduce soil erosion, reduce wetland sedimentation, create habitat for 
prairie wildlife, and provide human recreational opportunities (Jones et al. 2007).  The 
restoration of Mississippi’s native grassland enhances its historical landscape and adds 
critical habitat for grassland wildlife species (Jones et al. 2007). 
Restoration efforts require an understanding (and ability to identify) a truly 
restored prairie.  Restorationists and managers need knowledge of the community 
structure of remnant and restored prairie ecosystems.  Plant community characteristics of 
remnant prairies can provide baseline information on targeted diversity of restored 
grasslands.  Although the flora of diverse remnant prairies in Mississippi have been 
described (Peacock and Schauwecker 2003, Liedolf and McDaniel 1998), no one has yet 
investigated plant diversity of remnant prairies and restored prairies of various age 
classes during the same study period.  Comparing the plant communities of restored and 
remnant prairies during early summer and autumnal phases of the same study years 
would provide important baseline information on plant species richness in the two 
community types.  Additionally, understanding how (and which ) non-native species 
enter and colonize a prairie or restored grassland would further monitoring, assessment, 
and goal setting for native grassland restoration. 
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Forbs are an essential component of native prairies.  They provide food and cover 
for prairie fauna, and grow Brilliant flowers that attract pollinators (and outdoor 
enthusiasts).  Because wildflowers may comprise up to 33% cover of remnant prairies 
(Jones et al. 2007), forbs are an important component of seed mixtures for prairie 
restoration plantings.  Forb species used commonly in restoration mixtures include 
Echinacea spp. (coneflower), Ratibida spp. (coneflower), Silphium spp. (compass plant), 
Monarda spp. (horse mint), Helianthus spp. (sunflower) and Liatris spp. (blazing star) 
(Jones et al. 2007).  
Several studies have investigated approaches to establish native warm-season 
grasses (Jackson 1999, Washburn et al. 2000, Burger et al. 2005).  However, few studies 
have explored methods to establish native prairie forbs through seeds and propagules 
obtained locally within the Black Belt Region.  A large number of diverse forb species 
can be purchased as seed or rootstocks for prairie restoration.  However, most nurseries 
are located in the Midwest prairie region of the U.S (Packard and Mutel 1997), and these 
plant materials are not locally adapted to the Southeastern climate.  These nurseries are 
currently the only choice outside of personally acquiring local stock (J. Jones, Miss. State 
University, pers. communication).  Use of planting stock derived from locally collected 
prairie plants could help maintain genetic diversity, provide plantings better adapted to 
local edaphic and climate conditions, increase the variety of plants used in grassland 
restoration in the Lower Gulf Coastal Plain of the United States, and ultimately increase 
restoration success.  However, information about the feasibility of establishing local 
varieties of prairie forbs for restoration efforts and seed production is lacking (J. Jones, 
Miss. State University, pers. communication).  
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To address these knowledge gaps, I pursued the following objectives: 
1.  Compare percentage cover, native and non-native plant species richness, 
and community similarity of two remnant prairies, two prairies > 5 yrs 
post-restoration, and two prairies ≤ 5 year post-restoration. 
2.  Compare coverage and species richness of native and non-native plants at 
edge and interior prairie sites. 
3.  Evaluate measures of plant propagule survival, growth, and seed 
production of prairie forbs (blazing star) from local donor sites augmented 
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PLANT COMMUNITY CHARACTERISTICS OF  
RESTORED AND REMNANT PRAIRIES 
 
INTRODUCTION 
Native grasslands and woodland savannas once covered much of central North 
America.  Extending from the southeastern United States to the Great Lakes Region and 
the Northeast, these habitats supported a wide range of flora and fauna.  Early surveys of 
mid-western grasslands indicated that 80% of the land was covered by grasslands 
dominated by Schizachyrium scoparium (little bluestem) and Andropogon gerardii (big 
bluestem) with an interspersion of other grasses, sedges, and forbs (Packard and Mutel 
1997).  These plants provided food and cover necessary for prairie wildlife survival 
(Jones et al. 2007). 
Archaeological evidence indicates the presence of diverse habitats in the Black 
Belt and Jackson prairies of Mississippi (Peacock and Schauwecker 2003).  Large 
openings allowed herbaceous vegetation to grow.  Savannas and forests were present, and 
also functioned as wildlife habitat.  Open prairies supported grassland birds and small 
mammals, such as Colinus virginianus (northern bobwhite), Sylvilagus floridanus 
(cottontail rabbit), and Sigmodon hispidus (cotton rats).  Woodland savannas and forests 
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provided habitat for edge and forest wildlife such as owls, hawks, songbirds, Meleagris 
gallopavo (wild turkey), Odocoileus virginianus (white-tailed deer), and foxes. 
Forbs and legumes have important functions in the blackland prairie ecosystem. 
Blackland prairie forbs and legumes provide cover for a host of small mammals (e.g., 
cottontail rabbit, Peromyscus leucopus [white-footed mouse]).  Ground-nesting birds use 
prairie forbs and legumes for feeding, nesting and brooding (Jones et al. 2007).  
Flowering prairie plants produce nectar and pollen that attract insects and arachnids that 
are eaten by birds.  Small mammals and birds consume the seed produced by the plants 
(Packard and Mutel 1997).  Forbs, legumes, and grasses fuel seasonal fires that maintain 
early successional prairies.  After fires, re-sprouting and germinating legumes transfer 
atmospheric nitrogen back into the soil increasing soil fertility (Packard and Mutel 1997).  
 
Time Since Restoration  
Restorationists and managers must understand the community structure of prairie 
ecosystems to monitor and gauge restoration successes.  Mississippi’s remnant prairies 
are particularly diverse (Peacock and Schauwecker 2003, Liedolf and McDaniel 1998), 
and remnant prairies are typically more diverse than restored prairies (Martin et al. 2005, 
Polley et al. 2005).  Leidolf and McDaniel (1998) documented 152 species of vascular 
plants on the Sixteen Section prairie in Oktibbeha County.  Warren and MacDonald 
(1994) found 326 plant species on a prairie restoration site at Noxubee NWR also in 
Oktibbeha County.  Comparing remnant and restored prairies, Martin et al. (2005) and 
Polley et al. (2005) both found that plant diversity was greater in remnant prairies.   
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Current restoration methods do not always fully restore plant diversity in tallgrass 
prairie and local-scale restoration practices are needed (Martin et al. 2005).  Two possible 
ways of increasing diversity are controlling dominant species (through disturbance) and 
planting highly diverse seed mixtures (Polley et al. 2005).  Within 3 years of restoration, 
restored prairie communities often begin shifting toward C4 grass dominance (Camill et 
al. 2004).  This is prevented in prairie systems with herbivores such as bison (Sedivec 
and Barker, 1997) and fire (Packard and Mutel 1997:224-226).  Creation of bare soil 
surfaces by herbivory of perennial grasses may create establishment sites for native forbs 
and legumes (Sedivec and Barker 1997).  Increased pollination by native pollinators also 
can enhance seed production in many flowering plants (Doust and Doust 1988, Lee 
1988).  However, colonizing plants and herbivores may not disperse to fragmented 
prairies unless remnant source populations are nearby (Camill et al. 2004).   
In Mississippi, most restored grasslands and prairie relicts exist as habitat 
fragments that are located within landscapes dominated by agriculture, forestry, or 
urbanization (Barone 2005).  To date, we lack information on comparisons of plant 
species richness in restored grassland of various age classes and remnant prairies within 
the same growing seasons using replicated sampling methodologies.  Similar sampling 
methods within the same time periods are necessary to compare plant community 
characteristics under the same climate and sampling intensities.  Furthermore, comparing 
floristic communities in restored grasslands and remnant prairies during vernal and 
autumnal periods would provide baseline information on plant species richness over the 
entire growing season.  Community similarity comparisons between restored and remnant 
prairies may indicate what plant community components are needed to complete 
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restoration.   This information could be useful in monitoring, assessing status, and setting 
goals for native grassland restoration. Ultimately, this information could be used to 
protect and enhance the remaining remnants of prairie that exists in the Black Belt 
Region today.  One of my objectives was to compare percentage cover, species richness, 
and community similarity on two remnant prairies, two restored prairies > 5 yrs post-
restoration, and two restored prairies ≤ 5 yrs post-restoration.   
 
Edges and Invasives 
Non-native invasive plants have been an increasing management problem 
throughout North America and greatly complicate prairie restoration projects (Miller 
2003).  Since the 1980s, invasive non-natives have been recognized as a major cause of 
native habitat degradation (Miller 2003).  Non-native invasive and agronomic plant cover 
creates restoration and management challenges in prairie ecosystems because these plants 
may out-compete native species, reduce habitat quality for native wildlife species, and 
alter ecosystem functions (Miller 2003, Jones et al. 2007).  Today, many non-native 
plants occurring on prairie soil types were established with agronomic grasses for erosion 
control and pasture improvement (Jones et al. 2007).  Other species, such as Imperata 
cylindrica (cogongrass) and Sorghum halepense (Johnsongrass), may be invasive and 
have spread into prairies from infestation sites, such as road rights-of-ways (Jones et al. 
2007).  The widespread distribution and coverage of non-native plants can make it 
difficult and expensive to restore native prairies (D’Antonio and Meyerson 2002). 
The primary species invading  or replacing native prairie plants in the Black Belt 
region of Mississippi are perennial species introduced for improved grazing on 
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pastureland (Miller 2003): Cynodon dactylon (bermudagrass), Paspalum dilatatum 
(dallisgrass), Paspalum notatum (bahiagrass), Johnsongrass, Festuca arundinacea (tall 
fescue) and Digitaria spp. (crabgrass).  They are well adapted to the long growing season 
in the southeastern United States (Miller 2003).  The establishment of dense agronomic 
grasses for grazing generally converts diverse prairie habitats into monocultures with 
limited plant diversity.  Stoloniferous and sod-forming agronomic grasses typically form 
a dense carpet-like stand over the ground surface (Jones et al. 2007).   This growth 
characteristic is detrimental to northern bobwhite, wild turkey, and most grassland birds 
because they depend on patches of bare ground for feeding and ease of movement 
(Burger 2001, Dickson 2001, Hunter 2001).   
Edge habitats may be one major invasive pathway that facilitates colonization of 
new areas.  Trails, roadsides, or forest edges are areas highly used by seed vectors 
including animals and humans.  Soil disturbances like those found in such high traffic 
areas promote invasion (Benninger-Truax et al. 1992).  For example, trail corridors in 
Rocky Mountain National Park served as habitat and vectors for the movement of 
invasive species (Benninger-Truax et al. 1992) and exotic species invaded grasslands 
from roadsides in Glacier National Park (Tyser and Worley 1992). 
Land managers may spend large portions of their time and budget attempting to 
control exotic plant species.  Hawaii Volcanoes National Park spends 80% of its annual 
budget controlling exotics, and two California parks spent 60% of their annual budget 
(D’Antonio and Meyerson 2002).  Management costs for plants and animals under the 
Endangered Species Act approach 42 million dollars per year (D’Antonio and Meyerson 
2002), and 90% of this cost is associated with monitoring and control of exotic species.  
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Because invasive non-native plant species in grassland restoration sites can often be an 
impediment to successful restoration, information about how and where restored prairies 
are likely to be invaded is needed for successful monitoring of restoration success in 
grasslands.  Thus, my second objective was to compare cover and species richness of 
native and non-native plants at edge and interior prairie sites.  
 
STUDY AREA 
 I selected study sites with one of 3 different histories:  remnant prairie, prairies > 
5 yrs post-restoration, and prairies ≤ 5 yrs post-restoration.  I surveyed 2 sites of each 
history for a total of six sites.  Remnant sites were located on U. S. Forest Service lands 
of the Tombigbee National Forest in Chickasaw County (33° 55’N, 88° 51’W) and the 
Osborn prairie in Oktibbeha County (33° 30’N, 88° 44’W).  Remnant prairies had 80 % 
coverage of native prairie plants and were located within the historic Black Belt Region 
of Mississippi (Peacock and Schauwecker 2003).  Prairies > 5 year post-restoration were 
located at Morgan Hill Overlook (part of Noxubee National Wildlife Refuge) in 
Oktibbeha County (33° 15’N, 88° 46’W) and the Chickasaw Village site managed by the 
National Park Service (NPS) in Lee County (34° 16’N, 88° 44’W).  Morgan Hill 
Overlook (MHO) restoration began in 1993 with the seeding of mixtures of indiangrass, 
big bluestem, and little bluestem.  The Chickasaw Village site (NPS) was acquired by the 
National Park Service in 1993, and restoration efforts began at that time.  Prior vegetation 
history dates to the 1930s when fescue was planted for private agricultural use (K. Foote, 
National Park Service, pers. communication).  No plantings have been conducted at the 
NPS site.  Both NPS and MHO sites have been burned at 3- to 4-year intervals since the 
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year of restoration.  Prescribed burning was conducted on the MHO site during the winter 
prior to my study.  Prairies ≤ 5 year post-restoration were located on private land in Clay 
County owned by Mr. Jimmy Bryan of Prairie Livestock, LLC (33° 38’N, 88° 34’W).  
One site was bordered by an agricultural field and the second was opposite the field on a 
hillside.  These sites were planted with a seed mixture of Andropogon gerardii (big 
bluestem), Schizachyrium scoparium (little bluestem), Sorghastrum nutans (indiangrass), 
Chamaecrista fasciculate (partridge pea), Helianthus maximiliani (maximillian 




Floral Community Surveys 
 Plant community composition was described on remnant prairies, prairies > 5 yrs 
post-restoration, and prairies ≤ 5 yrs-post restoration using line transect surveys 
(following Hayes et al. 1981) located in prairie interiors and prairie edges.  I sampled 18 
transects at each prairie site with each one located within a randomly selected plot.  Nine 
edge and 9 interior plots were positioned randomly along each line transect.  Each plot 
measured 3 x 9.2 m in size and was ≥ 9.2 m from the next nearest plot.  Edge transects 
were oriented at a right angle from the marked prairie-edge interface, with the transect 
running from edge into the prairie (Hayes et al. 1981).  The habitat types abutting prairie 
edge included agricultural fields, roads, and cedar woodlands.  Interior plots were at least 
15-m from edge habitat.  This was the largest distance possible from the edge at the U.S. 
Forest Service and Osborn Prairie sites due to cedar thickets.  
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 I sampled during two periods – May-June and September-October 2007.  The 
order in which sites were sampled was randomized each sampling period.  I positioned a 
9.2-m measuring tape across the center of each plot.  Percentage cover of each plant 
species was estimated by adding their distance underneath the tape divided by the total 
length.  I also randomly tossed a 0.5-m hoop six times per plot, and recorded number of 
species, abundance of each species, and percentage bare ground within the hoop (Hayes 
et al. 1981).  Plant identification followed Miller and Miller (2005), Ladd and Oberle 
(2005), and Newcomb (1989).  
 
Statistical Analyses 
 Floral response variables included species richness and percentage cover of 
grasses, forbs, legumes, woody plants, and native vs. non-native.  Abundance of 
individual species also was recorded for community comparisons.  I calculated species 
richness by summing total number of species detected with the line transect/hoop 
methods.  Total plant richness is the sum of all species (native and non-native) within an 
area.  Native plant richness is the sum of all native species within an area.  Non-native 
plant richness is the sum of all non-native species within an area.  Prairie indicator 
species are key prairie forbs as designated by Ladd and Oberle (2005).   
Site refers to one of 6 sites (replicates) in my study.  Plot refers to one of 18 areas 
at each site where sampling occurred.  Type refers to the type of plot, edge or interior.  
History refers to remnant prairie or age class category (>5 or ≤5 yrs post-restoration).    
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I tested the following statistical hypotheses: 
Time Hypotheses 
1. Ho:  Richness and % cover of native plants and prairie indicators are similar 
among remnant prairies, prairies >5 yrs post restoration, and prairies ≤5 yrs post-
restoration. 
 H1:  Richness and % cover of native plants are not similar among remnant 
prairies, prairies >5 yrs post restoration, and prairies ≤5 yrs post-restoration.  
 
2.   Ho:  Richness and % cover of non-native plants are similar among remnant 
prairies, prairies >5 yrs post-restoration, and prairies ≤5 yrs post-restoration.  
 H1:  Richness and % cover of non-native plants are not similar among remnant 
prairies, prairies >5 yrs post-restoration, and prairies ≤5 yrs post-restoration.  
 
3.  Ho:  Plant community similarity is high among two remnant prairies, two prairies 
(> 5 yrs post-restoration), and two prairies (≤ 5 year post-restoration). 
 H1:  Plant community similarity is low among two remnant prairies, two prairies 
(> 5 yrs post-restoration), and two prairies (≤ 5 year post-restoration).    
 
Edge Hypothesis 
4. Ho:  Plant species richness (and % of non-native plants) is similar between 
interior plots and edge plots. 
 H1:  Plant species richness (and % of non-native plants) is not similar between 
interior plots and edge plots. 
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 I used a natural log transformation to normalize percentage data (Gomez and 
Gomez 1984).  A three-way ANOVA with Fisher’s LSD was used to compare prairie 
floral communities by site, site type, and history (Freund and Wilson 2003).  I used α = 
0.05 for all analyses. 
 I used Renkonen’s Index to quantify the similarities of floral communities 
between remnant and restored prairies (Krebs 1989).  The index is a percentage similarity 
index defined as P = ∑ minimum (p1i, p2i); where, P = percentage similarity between 
remnant and restored sites; p1i = percentage of species i in age class x; p2i = percentage of 
species i in age class y.  Renkonen’s Index scales from 0 (no similarity between prairie 
sites) to 100 (complete similarity between prairie sites).  The Renkonen Index values 
were calculated by comparing two age classes simultaneously for a total of 3 values (≤ 5 





 Total species richness differed among sites (F5,99 = 70.04, P < 0.01) and histories 
(F2,99 = 120.28, P < 0.01).  Remnant prairies were ranked with the most total species 
followed by prairies > 5 yrs post-restoration and prairies ≤ 5 yrs post-restoration, 
respectively. During summer, I recorded 64 total species in remnant prairies, 52 species 
in prairies > 5 yrs post-restoration, and 45 species in prairies ≤ 5 yrs post-restoration 
(Table 2.1).  During fall, I recorded 61 total species in remnant prairies, 46 species in 
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prairies > 5 yrs post-restoration, and 45 species in prairies ≤ 5 yrs post-restoration (Table 
2.1).  Over both periods combined, I recorded 87 total species in remnant prairies, 81 
species in prairies > 5 yrs post-restoration, and 62 species in prairies ≤ 5 yrs post-
restoration (Table 2.1 and Figure 2.1).    
 Native species richness of plants differed among sites (F5,101 = 5.04, P = 0.003) 
and histories (F2,101 = 57.97, P < 0.01).  Remnant prairies contained the most native 
species followed by prairies > 5 yrs post-restoration and prairies ≤ 5 yrs post-restoration, 
respectively.  During summer, I recorded 59 native species in remnant prairies, 46 species 
in > 5 yrs post-restoration, and 39 species in prairies ≤ 5 yrs post-restoration (Table 2.1).  
During fall, I recorded 58 native species in remnant prairies, 41 species in prairies > 5 yrs 
post-restoration, and 37 species in prairies ≤ 5 yrs post-restoration (Table 2.1).  Over both 
periods combined, I recorded 82 native species in remnant prairies, 73 species in prairies 
> 5 yrs post-restoration, and 53 species in prairies ≤ 5 yrs post-restoration (Table 2.1). 
 Richness of prairie forb indicator species differed by histories (F2,101= 129.01, P < 
0.01) over both summer and fall.  Remnant prairies contained the most prairie forb 
indicators followed by prairies > 5 yrs post-restoration and prairies ≤ 5 yrs post-
restoration, respectively (Figure 2.1). 
Species richness of non-native plants differed among sites (F5,99 = 56.99, P < 
0.01) and histories (F2,99 = 58.70, P < 0.01). The restored prairies > 5 and ≤ 5 yrs old both 
had higher non-native richness compared to remnant prairie (Table 2.1, Figure 2.1).  
During summer, I recorded 5 non-native species in remnant prairies, 6 species in prairies 
≥ 5 yrs post-restoration, and 7 species in prairies ≤ 5 yrs post-restoration (Table 2.1).  
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During fall, I recorded 3 non-native species in remnant prairies, 5 species in prairies > 5 
yrs post-restoration, and 8 species in prairies ≤ 5 yrs post-restoration (Table 2.1).  Over 
both periods combined, I recorded 5 non-native species in remnant prairies, 8 species in 
prairies > 5 yrs post-restoration, and 9 species in prairies ≤ 5 yrs post-restoration (Table 
2.1). 
 Percentage cover of native forbs (F2,95 = 14.56, P < 0.01) differed significantly 
among restoration histories during fall 2007.  Remnant prairies and prairies > 5 yrs post-
restoration had greater percentage cover of native forbs than did prairies ≤ 5 yrs post-
restoration (Table 2.2).  Percentage cover of woody plants (F2,48 = 4.22, P = 0.02) and 
non-native plants (F2,47 = 4.14, P = 0.02) differed significantly among restoration 
histories during summer 2007.  Prairies > 5 yrs post-restoration and remnant prairie had 
the greatest percentage cover of woody plants compared to prairies ≤ 5 yrs post-
restoration.  Prairies ≤ 5 yrs post-restoration had the greatest percentage cover of non-
native plants, and remnant prairies and prairies > 5 yrs post-restoration had significantly 
less (Table 2.2).  Non-native plants (F2,46 = 4.64, P = 0.01), and bare ground (F2,47 = 5.49, 
P = 0.01) differed significantly among restoration histories during fall 2007.  Both ages 
of restored prairies had a greater percentage cover of non-native species compared to 
remnant prairies.  Remnant prairies and prairies ≤ 5 yrs post-restoration had the greater 
percentage cover of bare ground compared to prairies > 5 yrs post-restoration (Table 2.2).  
 Renkonen Index values indicated remnant prairies were 28.9% similar to prairies 
> 5 yrs post-restoration and 25.9% similar to prairies ≤ 5 yrs post-restoration.  The two 




 I observed greater total plant species richness in edge (26.0 ± 0.64) versus interior 
plots (21.8 ± 0.90; F1,99 = 93.72, P < 0.01; Table 2.3 and Figure 2.2).  More native plant 
species were found within the edge plots (22.9 ± 0.71) versus interior plots (20.1 ± 0.83; 
F1,101 = 14.33, P < 0.01; Table 2.3 and Figure 2.2).  More non-native plant species also 
were observed in edge plots (3.1 ± 0.21) versus interior plots (1.7 ± 0.20; F1,99 = 109.82, 





Consistent with my initial hypotheses, I found greater plant species richness in 
prairie remnants than restored prairies.  Other studies have reported similar results 
(Polley et al. 2005, Galatowitsch and Van Der Valk 1996).  For example, Polley et al. 
(2005) found greater richness on tallgrass prairie remnants in Texas versus restored sites.  
Similarly, Galatowitsch and Van Der Valk (1996) found that remnant prairie wetlands 
had, on average, 19 more plant species than restored prairie wetlands.  
Percentage cover of forbs in fall was significantly less for prairies ≤ 5 yrs post-
restoration compared to prairies > 5 yrs post-restoration and remnant prairie.  However, 
forbs species within both ages of post-restoration prairies were deficient in prairie 
indicator species compared to remnant prairie sites, which contained prairie species 
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including Silphium spp. (compass plant), Liatris spp. (blazing star), Ratibida spp. 
(coneflower), Aesclepias spp. (milkweed), and Monarda spp. (bee balm) (Appendix B). 
Orr et al. (2003) found restored prairies lacking the consistent forb community found in 
remnant prairies.  Such prairie forbs provide essential nectar sources for pollinating birds 
and insects (Kearns et al. 1998).  
The percentage cover of non-native plants was greater on the two post-restoration 
prairies compared to remnant prairie.  Most non-native species in the restored prairies 
were agronomic grasses such as bermudagrass, Paspalum urvillei (Vasey grass), 
dallisgrass, Johnsongrass, and tall fescue (Appendix B).  Untreated, such non-native 
grasses have the potential to spread rapidly and out-compete native vegetation reducing 
overall plant diversity (Miller 2003).  Soil disturbance practices, such as strip disking, are 
used to enhance species diversity within native grass dominated sites.  However, if 
patches of non-native agronomic grasses are present, such practices may promote their 
growth (Jones et al. 2007). 
Based on my results, it may take decades for natural plant colonization on 
restoration sites to approach the community diversity of true remnant prairies.  
Integrating a more diverse planting mixture of prairie forbs and legumes during 
restoration may more rapidly reduce species variation between remnant prairie and 
restoration attempts (Galatowitsch and Van Der Valk 1996).  Numerous commercial 
sources for prairie plant materials exist.  However, most are located within the mid-
western and northeastern United States.  Such commercial companies generally offer a 
wide variety of plant species from which to choose.  
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Native plant materials purchased for restoration can become costly depending on 
the species used and planting rate.  However, native prairie forbs and legumes are vital 
components to a prairie plant community.  The amount of forbs and legumes present in 
restored grasslands may influence the diversity of animals present (Harper et al. 2007).  
These plant types produce nectar that attract and retain native pollinators (Kearns 1998).  
They provide a food source through foliage and seed production.  Forbs and legumes 
enhance animal habitat by providing heterogeneous plant structure in an otherwise grass-
dominated landscape. Over time, these plants assist in the building and enrichment of 




 Remnant prairies and prairies >5 yrs post-restoration had the most similar plant 
community with a similarity index of only 28.9%.  My results suggest that decades may 
be required for plant communities to become established and resemble remnant prairies.  
Such information indicated that prairie restoration can be a lengthy process that is not 
accomplished within the first 7-10 yrs.  Numerous prairie forb species present within 
prairie remnant sites were lacking within >5 year and ≤ 5 year post-restoration sites 
(Appendix B).  The restoration age coupled with the increase of non-native plants in 
these restored grasslands may account for the scarcity of prairie forbs.  Future 
management practices such as prescribed burning and strip disking could promote the 
germination of prairie forbs within the existing seed bank (assuming restoration takes 
place where prairie vegetation previously existed).  Also, purchasing and planting 
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additional forb species at time of restoration is more costly, but will potentially increase 
diversity (Harper et al. 2007).  Seed, bulbs, or corms of prairie forbs may be collected 
from private lands and planted within restoration sites.  Such plant materials might be 
acquired at no cost (Packard and Mutel 1997).        
       
Edge Effects 
I found a greater number of non-native plant species adjacent to the edge habitat 
than interior habitat (Table 2.3).  Roads and streams can aid in the invasion of non-native 
plants into a landscape.  They can act as corridors, provide habitat, and contain reservoirs 
of seed or propagules (Parendes and Jones 2000).  Landscapes that are disturbed may be 
most susceptible.  Managers should consider the potential for non-native plants to spread 
when building or maintaining roads (Gelbard and Belnap 2003) or hiking trails 
(Benninger-Truax et al. 1992).  This is consistent with a growing literature about plant 
invasions.  For example, spur roads without traffic for 20-40 yrs had more non-native 
plants adjacent to them (Parendes and Jones 2000), and landscapes adjacent to paved 
roads contained greater numbers of non-native plants than unpaved all-terrain vehicle 
trails (Gelbard and Belnap 2003).  Increased amount of traffic on the paved road versus 
unpaved may allow more opportunity for invasion.  My study had sites bordered by 
paved and unpaved roads and the number of non-native plants was significantly greater 
along unpaved roads (F5,99= 56.99, P < 0.01).   
The type of management along unpaved roads typically involves more 
disturbance of the substrate including grading of the roadbed and digging out roadside 
ditches.  All of these activities create bare ground but also may deposit seed or rootstocks 
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of non-native plants on the roadside.  Such disturbances create favorable conditions for 
invasive non-native plants that require bare soil for germination (J. Jones, Miss. State 
University, pers. communication.).  When planning restoration, attempt to minimize the 
number of trails and roads that border or intersect the tract.  Early detection and treatment 
of non-native plants along edges will improve the chances of a successful restoration (J. 
Jones, Miss. State University, pers. communication.)    
In tallgrass prairie fragments of central North America, C3 cool-season grasses 
were the most common non-native invaders (Culley et al. 2003).  Tall fescue (a C3 grass) 
was present within some of my sites.  This suggests that seasonal timing may be 
important to non-native success.  The management of non-native plants may only be 
considered during warm months of spring and summer.  Therefore, such cool-season 
plants will go untreated.  Restoration efforts should be monitored throughout the year to 
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Table 2.1   Native, non-native, and total plant richness of remnant prairies, prairies > 5 
yrs post-restoration, and prairies ≤ 5 yrs post-restoration during summer, fall, and 
combined for 2007 in east-central Mississippi. 
Restoration History Native Non-native Total 
Summer 2007    
Remnant prairie 59 5 64 
> 5-yrs post-restoration 46 6 52 
≤ 5-yrs post-restoration 38 7 45 
    
Fall 2007    
Remnant prairie 58 3 61 
> 5-yrs post-restoration 41 5 46 
≤ 5-yrs post-restoration 37 8 45 
    
Summer + Fall 2007    
Remnant prairie 82 5 87 
> 5-yrs post-restoration 73 8 81 




Table 2.2.  Mean percentage cover (mean ± SE) of plant types during summer and fall 
2007 on remnant and restored prairies in east-central Mississippi.  For each variable, 
prairie history means with the same letter are not significantly different.  
Prairie History Summer 2007 Fall 2007 
Native warm-season grasses   
Prairie remnants 29.4 (2.8) A 32.6 (1.9) A 
Prairies > 5 yrs post-restoration 31.9 (2.2) A 34.9 (3.1) A 
Prairies ≤ 5 yrs post-restoration 39.5 (4.9) A 42.1 (5.3) A 
   
Legumes   
Prairie remnants 13.9 (1.7) A 14.2 (1.5) A 
Prairies > 5 yrs post-restoration 15.8 (1.8) A 11.9 (1.4) A 
Prairies ≤ 5 yrs post-restoration 16.8 (4.4) A 13.8 (2.8) A 
   
Native Forbs   
Prairie remnants 29.4 (2.3) A 30.7 (2.7) A 
Prairies > 5 yrs post-restoration 25.5 (1.8) A 34.6 (2.4) A 
Prairies ≤ 5 yrs post-restoration 29.1 (2.6) A 21.0 (2.4) B 
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Table 2.2.  Continued. 
Prairie History Summer 2007 Fall 2007 
Woody (trees, shrubs, vines)   
Prairie remnants 11.9 (3.2) A B   9.1 (1.9) A 
Prairies > 5 yrs post-restoration 14.1 (1.7)  A 10.8 (1.6) A 
Prairies ≤ 5 yrs post-restoration   7.5 (1.2)  B   8.1 (1.0) A 
   
Non-native   
Prairie remnants 12.7 (3.3) B 15.1 (4.9)  B 
Prairies > 5 yrs post-restoration 18.2 (2.9) B 29.7 (5.4) A B 
Prairies ≤ 5 yrs post-restoration 32.9 (5.8) A 35.5 (5.8) A 
   
Bare ground   
Prairie remnants 22.5 (3.5) A 13.9 (2.2) A 
Prairies > 5 yrs post-restoration 15.6 (1.9) A   4.2 (0.6) B 





Table 2.3.  Total number of plant species present on restored and remnant prairies 
during summer and fall of 2007 in east-central Mississippi (N = 18 for each site). 
 Native Richness Non-native Richness 
Restoration History (& Site) Interior Edge Interior Edge 
Summer # 2007 
Remnant Prairies     
USFS Chickasaw 31 28 2 1 
Osborn Prairie 36 38 0 3 
Prairies > 5 yrs post-restoration    
Morgan Hill Overlook 31 35 6 5 
Natchez Trace 28 28 1 2 
Prairies ≤ 5 yrs post-restoration    
Prairie Livestock 10 20 2 0 
Prairie L. (Hillside) 31 28 5 6 
Fall # 2007 
Remnant Prairies     
USFS  Chickasaw 27 31 1 1 
Osborn Prairie 33 43 0 3 
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Table 2.3.  Continued. 
 Native Richness Non-native Richness 
Restoration History(&Site) Interior Edge Interior Edge 
Prairies > 5 yrs post-restoration    
Morgan Hill Overlook 22 31 1 2 
Natchez Trace 25 25 2 2 
Prairies ≤ 5 yrs post-restoration    
Prairie Livestock 11 23 0 4 







Figure 2.1.  Total plant richness, non-native plant richness and prairie indicator richness 
on remnant prairies, prairies > 5 yrs post-restoration, and prairies ≤ 5 yrs post-restoration 












Figure 2.2.  Mean plant richness (mean ± SE) within interior and edge plots during the  









SURVIVAL, GROWTH AND SEE N OF LIATRIS PYCNOSTACHYA 
INTRODUCTION 
 Restored prairies often lack ant (original) prairies.  My 
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IN PREPARED BEDS, OLD FIELDS AND PRAIRIE RESTORATION SITES 
 
 the diversity of remn
previous work demonstrated that restored prairies in the Blackbelt region of Mississipp
particularly lack key “prairie indicator” forbs, long after restoration activities (see 
Chapter 2).  In this chapter, I explore a possible way to ameliorate this – augmentin
restored prairies with transplanted forbs. 
Restoration practices usually invol
l communities.  However, plant materials from a localized donor site are usually 
more successful than those adapted to conditions at distant locations (Montalvo and 
Ellstrand 2001).  For example, Norcini et al. (2001) examined growth, flowering, and
survival of Rudbeckia hirta (black-eyed Susan) - another prairie forb - from three seed 
sources (Florida & Texas) planted in Florida, but in different heat zones.  The Florida 
plants persisted longer, which gives evidence of adaptation to regional site conditions. 
They reported that latitudinal effects on plants may occur within only 402 to 563 km 




ong-term success of 
restorat
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eeded to eliminate agronomic cover types, 
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lazing star can be established by 
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distant region (Keller et al. 2000) and local plants may have a greater or equal surviv
rate than those originating from non-local seed (Norcini et al. 2001). 
The genetic background of the plant materials may affect the l
ion projects (Montalvo and Ellstrand 2001).  Plant materials from distant 
populations may not be well adapted to the transplant environment.  Mixing gene
differentiated seed might significantly lower the fitness of augmented or restored 
populations (Montalvo and Ellstrand 2001).   
 In restoration sites where herbicide is n
native plant species will generally be eradicated and seeding of prairie plants will be 
necessary (Jones et al. 2007).  Several studies have investigated approaches for the 
establishment of native warm season grasses (Burger et al. 2005).  However, I found
one study (Hill 2004) that explored methods for establishing native prairie forbs through 
seeding or propagules obtained locally within the Black Belt Region of the Southeast.  
Currently local varieties of many forb species are not commercially available and thus, 
are typically not used in prairie seed mixtures.  
 My objective was to evaluate how well b
transplanting.  I measured plant propagule survival, growth, and seed production i
different habitat types.  This information will be valuable for determining the feasibilit
of establishing local varieties of prairie forbs in restored sites production of seed in 
prepared beds (J. Jones, Miss. State University, pers. communication). 
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BIOLOGY OF BLAZING STAR 
 Liatris pycnostachya (prairie blazing star) is a perennial wildflower native to the 
United States.  It ranges from North Dakota east to New York and south to Texas through 
Alabama.  There are 32 species of blazing star with 10 hybrids, all of which are in the 
family Asteraceae (Brown 1981).  Most indigenous species of blazing star are warm 
season forbs that produce showy lavender flowers arising from basal rosettes. The stalks 
of prairie blazing star grow from a corm with a fibrous root system.  Basal leaves that 
resemble grass blades are the first to emerge by usually by mid-spring.  It produces one to 
several upright stalks that normally reach 60-152 cm in height.  A lengthy inflorescence 
will form on the mid to upper portion of the stalk during summer (June - August) (Brown 
1981).  A spike is an elongate, unbranched cluster of stalkless or nearly stalkless flowers 
(Ladd and Oberle 2005).  Prairie blazing star begins flowering at the spike terminals and 
gradually descends.  The corms may grow larger every season and have been recorded to 
live to 15 years.  Once established to a favorable site, prairie blazing star is a seasonal 
floral component of a prairie (Brown 1981). 
The application of fertilizers and transplantation of Liatris pycnostachya (blazing 
star) may affect its growth.  Adding phosphorous increases survival the first year, but 
adjacent plant competition may have the greatest effect on overall blazing star growth 
(Bernd-Steffes 2000).  Brown (1981) studied the propagation of blazing star by taking 
cuttings from corms and observing the percent that rooted.  Dense rooting occurred 100% 




STUDY AREA  
 I transplanted prairie blazing star to old-fields, restored prairies, and prepared 
beds (2 sites each for a total of six transplantings).  Old-field sites were located on private 
land in Oktibbeha County owned by Dr. Donald Jackson (33° 22’N, 88° 47’W) and the 
Mississippi Agricultural and Forestry Experiment Station owned by Mississippi State 
University in Newton County (32° 20’N, 89° 05’W).  The old-field sites were primarily 
fallow pasture or retired crop fields with plant communities comprised of both native and 
non-native forage plants.  The restored prairie sites were Morgan Hill Overlook, Noxubee 
National Wildlife Refuge (NNWR) in Oktibbeha County (33° 15’N, 88° 46’W) and 
private land in Clay County owned by Prairie Livestock, LLC (33° 38’N, 88° 34’W).  
The restored prairie grassland communities were comprised of native grasses, legumes, 
and forbs.  Morgan Hill Overlook was burned (most recently in 2007), and the Prairie 
Livestock site was planted in 2005.  The prepared bed sites were located on private land 
in Winston County (33° 11’N, 88° 52’W) and Mississippi State Universities’ Thompson 
Hall in Oktibbeha County (33° 27’N, 88° 47’W).  The prepared bed sites were created 







 I used blazing star because they are among the most commonly used plants for 
prairie restoration and reclamation plantings (Packard and Mutel 1997).  I searched 
within remnant prairies of Chickasaw and Oktibbeha counties to determine the 
availability of propagules from blazing star.  Based on these field searches blazing star 
was selected because of high abundance of donor plants (> 500 corms in collection area) 
and the feasibility of extracting corms without damage to corm or roots.  Corms of 
blazing star are typically the underground bulb-like structures that allow these perennial 
plants to overwinter.  Corms of blazing star used in our study typically did not extend 
more than 10 cm beneath the soil’s surface.  
Corms of blazing star were collected and transplanted during February-March 
2007 from a U.S. Forest Service property in Chickasaw County, MS (34° 16’N, 88° 
44’W) to my six study sites.  Blazing star corms were lifted from the donor site using a 
sharpshooter shovel in February of 2007.  Each corm had soil mass surrounding them to 
keep the roots moist and stored in a black plastic bag.  All corms were planted to study 
sites within three days of lifting.  Corms were held in cold storage refrigeration at a 
temperature of 4-7°C until planted. Thirty corms were transplanted a minimum of 40.5 
cm apart to each site (Stimart 1991), totaling 180 corms.  Each individual corm was 
marked with a survey flag.  
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  Rain gauges placed at the irrigated site measured amount of water dispensed 
daily.  The prepared beds at MSU Thompson Hall were irrigated by the sprinkler system 
with 1.16 cm of water each day.  Plants at Dr. Jones property were watered on 3-day 
intervals during May, June, and July.  Monthly rainfall amounts were obtained from the 




 I recorded survival, plant height, basal diameter, and flowering date once monthly 
from May through September.  Naturally-colonizing, competing plants were identified to 
species when feasible and grouped according to native/non-native status and growth form 
(Hayes et al. 1981).  I used Miller and Miller (2005), Ladd and Oberle (2005), and 
Newcomb (1989) for plant identification.  
Seed collection was conducted in September to ensure complete growth and 
maturation.  Collected seed heads were contained individually and dried at 80°C until 
seed could be divided.  The dry seeds were stripped from the spikes and rubbed against 
sandpaper to aid in chaff removal.  The remaining seed and chaff were then placed in a 
Carter Day test model fractionating aspirator to completely separate the pure seeds for 
weighing (B. Baldwin, Miss. State University, pers. communication).  Dry seed weight 





Statistical Analyses  
 The blazing star response variables tested were basal height, spike height, seed 
production, and survival.  I used Spearman rank correlations test to evaluate potential 
relationships between response and independent explanatory variables except for survival 
(Sokal and Rohlf 1981).  Explanatory variables included type of substrate type, soil pH 
level, and cover of surrounding vegetation.  I used two-way ANOVA with Fishers LSD 
comparisons to test for differences in response variables among individual sites and site 
type (Freund and Wilson 2003).  I tested for differences among sites and site types in 
survival using a χ2- test because survival was a binomial variable (Daniel 1978).  Mean 
basal rosette height was calculated by site type at intervals throughout the growing season 
to monitor potential growth trends.  
 
I tested the following statistical hypotheses: 
1. Ho: Survival, growth, and seed production of blazing star propagules was not 
influenced by planting substrate, pH levels, and/or surrounding vegetation cover. 
 H1: Survival, growth, and seed production of blazing star propagules was 
influenced by planting substrate, pH levels, and/or surrounding vegetation cover. 
2.  Ho: Survival, growth, and seed production of blazing star propagules was not 
different among different location (sites) and among different planting substrates 
(site types). 
 H1: Survival, growth, and seed production of blazing star propagules differed 




Site refers to one of six sites (replicates).  Type refers to the different planting substrates- 
prepared bed, old-field, or restored prairie. 
 
RESULTS 
Survival of blazing star was similar in prepared beds, old-fields, and prairie sites 
(X22=0.38, P = 0.83; Table 3.2) and among individual sites (X25=5.34, P = 0.38).  Basal 
height was correlated negatively with percentage cover of competing vegetation (r = -
0.93, P = 0.02); seed production was correlated positively with basal rosette height (r = 
0.83, P = 0.03); and percentage cover of competing vegetation was correlated negatively 
with seed production (r = -0.93, P = 0.02; Table 3.3).  The relationship between spike 
height and basal rosette height was not significant, but markedly positive (r = 0.77, P = 
0.06; Table 3.3).  
The average height of basal rosettes ranged from 15.85 cm to 22.783 cm over all 
sites by the end of the growing season in September (Table 3.2).  During May, restored 
prairie sites had the largest average basal rosette height (x̄ =28.02 cm); however, by 
August-September the rosettes in the prepared beds had increased to > 20 cm in height (x̄ 
= 23.09 cm; Table 3.4).  
The basal rosette height differed among site type (F2,172 = 3.52, P = 0.03), but not 
by site (F5,172 = 1.78, P = 0.12).  Mean basal height in prepared beds (x̄ =22.78 cm) was 
significantly greater than old-field (x̄ =15.85 cm) and restored prairie (x̄ =17.13 cm).   
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However, there was no difference between basal rosette heights within restored prairie 
and old-field sites at the end of the growing season.  
Height of flowering spikes ranged from 25.9 cm to 52.0 cm by the end of the 
growing season (Table 3.2).  During May, the old-field site type had the largest average 
spike height (x̄ = 11.0).  However, by June-July the spikes in the prepared beds were 
greatest in height (x̄ = 33.92 cm; Table 3.4). 
Spike height differed significantly among site types (F2,172 = 5.46, P = 0.01) and 
site (F5,172 = 8.01, P <0.01).  Spike heights in prepared beds (x̄ = 51.97 cm) were 
significantly greater than in prairie (x̄ = 29.83 cm) and old-field (x̄ = 25.9 cm) site types 
(Figure 3.2).  Heights of flowering spikes in prairie and old-field sites were similar.   
 
Seed production exhibited a significant difference among both types (F2,172 = 
9.38, P < 0.01) and sites (F 5,172 = 4.43, P = 0.001).  Production ranged from 0.15 g per 
plant to 1.01 g per plant across site types.  Seed production in the prepared beds (x̄ = 1.01 
g) was significantly greater than seed production in prairie (x̄ = 0.15 g) and old-field (x̄ = 
0.19 g) site types; whereas, seed production in prairie and old-field sites was similar 




Based on observed survival rates of my study, corms collected during the plant’s 
dormancy period are a viable method of establishing blazing star.  Survival rates of 
blazing star planted in my study were similar to those reported by Hill (2004) who 
observed a 90% survival rate of transplanted prairie plants at Noxubee National Wildlife 
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Refuge in east-central Mississippi.  Hill (2004) used bulbs, taproots, and seeds of blazing 
star, and I used corms for establishment of one species, prairie blazing star. Augmented 
plants exhibited vigorous growth under several different edaphic conditions and most 
plants developed showy inflorescence spikes during a summer of drought conditions 
(Mississippi State University Department of Geosciences 2007). 
 Because blazing star transplants grew from corms with a fibrous root system, they 
were easier to transplant and were less damaged during corm extraction compared to 
species with large, deep taproots, such as Silphium spp.  Lifting of blazing star corms 
should occur during winter when plants are dormant.  The corms in my study were 
collected in February and planted within three days.  However, if immediate planting is 
unlikely, corms may be stored in a cooling unit for several months if treated with a 
fungicide and wrapped in moist peat moss at 28-30° F (Stevens et al. 1993).  Basal leaves 
that resemble grass blades are the first to emerge by usually by mid-spring.  All of the 
plants in my study did not attain the normal height of 60-152 cm during the first growing 
season as reported by Brown (1981); however, 31% attained heights within this range.  
Over 30% of the plants in my study produced flowers during June through August.  
According the Brown (1981), this is the normal period for inflorescence development for 
this species. 
Native prairie forbs are more plastic in terms of handling and planting techniques 
than trees and shrubs (Dumrose et al. 2000).  Native plant nurseries sell plant materials 
for ornamental and restoration purposes.  They apply less fertilizer and irrigation to the 
forbs than tree and shrub crops (Dumrose et al. 2000).   Prairie forbs are usually planted 
 
 47
on the poorest nursery soil because of their hardiness.  Forbs grown in nurseries are often 
planted by inexperienced work crews; yet, the plants still manage to thrive (Dumrose et 
al. 2000).  
Blazing star may not germinate or produce flowering spikes the first growing 
season.  Voigt (1977) found that 40% of prairie blazing star seed germinated after two 
months of moist cold storage.  Blazing star planted from seed will commonly establish a 
root system and grow only a basal rosette the first growing season after seeding.  During 
the following seasons, spikes generally emerge and form an inflorescence (Voigt 1977). 
My results suggested that use of propagules in conjunction with seeding may 
benefit prairie restoration by accelerating establishment of prairie forbs that are often 
lacking in restored sites (see Chapter II).  Propagules already possess a substantial root 
system allowing more energy to be directed to above ground growth during the first year 
post planting.  Baskin and Baskin (1989) planted seeds of Liatris squarrosa (scaly 
blazing star) and observed 39% flowering after one year and 94% after two years.  Across 
all of my study sites, 37% of the prairie blazing star propagules planted produced 
flowering spikes.  At one restored grassland site, 66.7% of transplanted blazing star 
produced flowering spikes.  Propagule planting could potentially accelerate restoration 
efforts by flowering the first growing season, providing a nectar source for pollinators, 
seed source for granivores, and further forb establishment.  
The spread of new genetic material is vital to prevent inbreeding, particularly in 
rare and fragmented plant communities.  Fragmented landscapes also negatively affect 
pollinators, and lack of suitable habitat has facilitated decline in native bee populations 
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(Kearns et al. 1998).  Establishment of insect-attracting plants, such as blazing star, could 
help attract native pollinators to restored grasslands and field borders in agricultural lands 
by providing nectar and pollen sources.  Some agricultural regions have experienced low 
crop pollination by insects and hired bee farmers to place hives near the crops (Delaplane 
and Mayer 2000).  Native forb planting could attract various pollinators back into 
cropping systems (Kearns et al. 1998).   
Schaal (1978) observed that the distance between flowering prairie blazing star 
spikes influenced the number of Bombus pennsylvanicus (bumble bee) that visited the 
area.  When spikes were 122 cm apart, very few bees were attracted.  Spikes that were 
7.6 cm apart attracted the most bees presumably because they offer more reward per unit 
area (Schaal 1978).  In my study, blazing star survival was over 70% on all site types 
when spaced 40 cm apart (Table 3.2).  The blazing star planted in my study were spaced 
40.5 centimeters or approximately 16 inches apart with thirty plants per plot.  Based on 
the findings from both studies, blazing star propagules could be planted closer than 40 cm 
apart for adequate survival and optimal attraction of pollinating bees and other insects.   
Another approach to restore connectivity on fragmented prairie habitat is 
restoration of prairie forb diversity along roadsides (Ries et al. 2001). Prairie blazing star 
may be a good choice of species to plant on roadside prairie restorations because its 
flowering characteristics would be aesthetically pleasing to motorists and provide a 
nectar source for native pollinators.  Many roadsides in the southeastern U.S. are 
dominated by non-native grasses (Jones et al. 2007).  Some Iowa counties initiated a 
roadside vegetation management program to restore native prairie vegetation by restricted 
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mowing and herbicide applications (Ries et al. 2001).   Species richness was two times 
greater, and butterfly abundance was five times greater on roadsides with restored prairie 
vegetation compared to roadsides with non-native vegetation (Ries et al. 2001).  The 
species richness of plants flowering most influenced the abundance and species richness 
of butterflies.   
A primary management implication of my study is the potential for developing a 
propagule source of blazing star for the Lower Gulf Coastal States of Mississippi, 
Alabama, and Louisiana.  Currently, dozens of commercial sources exist for obtaining 
blazing star seed and corms.  However, most of these propagules arise from plant stock 
collected in states outside of the Gulf Coastal states.  In my study, corms of prairie 
blazing star collected in the Black Belt of Mississippi gave rise to healthy plants during 
the first year following transplanting in Black Belt, Jackson Prairie, and Interior 
Flatwoods regions of Mississippi.  Many plants produced flowering spikes and seeds.  
High survival and flowering rates (Table 3.2, Table 3.4) occurred during a year of 
extreme drought in which rainfall averaged less than 23 cm monthly from May through 
July (Mississippi State University Department of Geosciences 2007) (Table 3.1).  Thus, 
plants survived and flowered under harsh climatic conditions in variable soil conditions.  
Plants survived equally as well under harsh conditions as in the prepared beds that were 
irrigated.  However, because these plants occur naturally within these regions, they 
probably exhibited adaptations to local variations in climate and soil conditions.  
 Local varieties of native plants would be better adapted to local edaphic and 
weather conditions (Joshi et al. 2001) which should produce more viable plantings and 
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result in more cost effective restoration of prairie forbs, such as blazing star (Joshi et al. 
2001).   In my study, seed production across all sites averaged 0.45 g per plant or roughly 
126 seeds per plant (Texas A&M University Texas Cooperative Extension 2008) which 
compares favorably to Vickery (2002) whose best results with L. scariosa was 60.9 seeds 
per plant.  His plants were located within prairie grasslands as were some of mine.  Mean 
seed production in my prepared beds was much greater with roughly 285 seeds per plant 
with old-field (52) and restored prairie (42) sites being significantly less (Texas A&M 
University Texas Cooperative Extension 2008).  I would expect seed production within 
restored prairies to increase within future growing seasons especially if some disturbance 
like fire reduced competing vegetation.  Their root system may be better established after 
the first season post-transplant.  Studies to determine seed viability and germination rates 
are now needed to assess the potential of developing commercial seed sources of prairie 
blazing star collected from Mississippi’s remnant prairies.   
My results suggest the amount of seed produced within the prepared beds may be 
enough to explore commercial applications, especially considering that  prairie blazing 
star may be spaced closely, tolerates drought, and seed is valued at $136/kg (Harmon 
1992).  Development of this seed source could enhance efforts to establish native 
wildflowers in the Blackland Prairie Region and also could result in conservation of 
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Table 3.1.  Monthly rainfall (cm) at two weather station locations, Starkville and  
Newton, MS, near prairie study sites east-central Mississippi during the 2007 growing 
season. 
 
 Starkville, MS Newton, MS 
March   0.5  1.4 
April  5.3  8.0 
May  1.7  5.5 
June  7.2  6.3 
July  14.0  12.3 
August  4.7  7.2 
September  11.7  7.5 
   
Monthly Average  6.4  6.9  
Total  45.1  48.2 
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Table 3.2.  Basal rosette height (mean ± 1 SE), spike height (mean ± 1 SE), seed 
production (mean ± 1 SE), and survival data (%) for transplanted L. pycnostachya at the 
end of the 2007 growing season in east-central Mississippi.  For each variable, site type 














22.8 ± 2.0 A 
 
51.9 ± 8.6 A 
 






15.9 ± 1.8 B 
 
25.9 ± 5.2 B 
 







17.1 ± 2.1 B 
 
29.8 ± 5.4 B 
 






Table 3.3.  Correlation of variables within L. pycnostachya study in east-central 













 -0.93*     
pH  -0.09 0.26    
Seed 
Production 
 0.83* -0.93*  -0.37   
Spike Height  0.77 -0.75  -0.43  0.60  
Survival  0.31 -0.41  -0.31  0.14  0.42 





Table 3.4.  Mean basal rosette and spike height (mean ± 1 SE) for transplanted L. 
pycnostachya during May (N=60), June-July (N=120), and August-September (N=120) of  
2007 in east-central Mississippi.  For each variable, site type means with the same letter 
do not differ significantly. 
Site Type May June-July Aug-Sept 
Basal rosette height (cm)   
Prepared beds 17.9 ± 1.7 B 15.6 ± 1.5 AB 23.1 ± 1.4 A 
Old field 17.4 ± 1.6 B 17.9 ± 1.4 A 15.9 ± 1.3 B 
Restored Prairie 28.0 ± 1.5 A 12.9 ± 1.47 B 17.1 ± 1.5 B 
    
Spike height (cm)    
Prepared beds 3.8 ± 1.4 B 33.9 ± 4.5 A 52.1 ± 6.1 A 
Old field 11.0 ± 2.2 A 25.9 ± 3.9 A 25.9 ± 3.7 B 
Restored Prairie --* 24.2 ± 3.3 A 29.8 ± 3.8 B 









 Remnant prairies usually have greater overall plant richness than restored prairies.  
However, prairie forbs and legumes found within remnant sites also are sometimes absent 
from such restored grasslands (Polley et al. 2005) so that community similarity of 
restored prairies to remaining prairies is low.  If possible, a diverse mixture of prairie 
forbs and legumes could be planted during new restoration projects to increase the 
similarity to remnant prairie (Galatowitsch and Van Der Valk 1996).  Such prairie plant 
materials as seed, bulbs, or corms may be transplanted from a local source, if available. 
 Land managers should monitor for non-native plants within restoration tracts 
throughout the year, especially near edges.  Agronomic non-native grasses can dominate 
a tract, if left unchecked.  Managers should take notice of adjacent land cover types such 
as agricultural fields or improved pasture.  Such cover types are possible sources for non-
native invasion into restoration sites (Gelbard and Belnap 2003).  Edge habitats tend to 
have greater diversity of plant species driven in part by high likelihood for non-native 
invasion.  Managers should reduce the amount of edge through the reduction of roads and 
trails bordering or intersecting restoration sites.  Tractors and implements should be 
cleaned before entering sites to minimize the spread of non-native plant seed, rhizomes, 
and stolons (Gelbard and Belnap 2003).   
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 Fewer prairie forbs present within restored prairies compared to prairie remnants 
causes a concern.  Such forbs are essential for a fully functioning prairie community.  
The second portion of my study introduced a method for adding forb diversity. 
 Locally collected Liatris pycnostachya (prairie blazing star) used in my study 
exhibited vigorous growth within a variety of soil and climatic conditions.  This species 
of blazing star could become a propagule source for restoration purposes within the lower 
Gulf Coastal states.  Planting of blazing star propagules in conjunction with other seeded 
prairie species may allow for increased coverage of desired species within a shorter time 
frame.  This approach may increase the number of flowering stems the first growing 
season post restoration, therefore further benefiting pollinators, granivores, and 
reproduction. 
 The interest in use of native plants along roadsides has increased in recent years.  
Blazing star would be a recommended species for such plantings.  Lavender blooms of 
this species during mid to late summer would be visible to highway motorists.  Native 
roadside plantings may potentially act as corridors between fragmented habitat that link 
plants and animals.  Furthermore, use of blazing star species could produce roadside 
aesthetics and food and cover for many wildlife species while producing a plant cover 
that is rated low in preference for white-tailed deer (Odocoileus virginianus; Miller and 
Miller 2005).  Plantings of less palatable deer food plants along roadways could 
potentially avoid high concentrations of deer that are attracted to the typical erosion 
control plantings of fertilized legumes and grasses (Miller and Miller 2005).  Lower 
roadside maintenance levels also would be required following establishment of blazing 
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star. No roadside mowing or herbicide application should be needed to enhance blazing 
star survival (Ries et al. 2001).  Maintenance mowing and selective herbicide applications 
would be needed to control invasive non-native plants and colonizing woody plants 
(Jones et al. 2007). 
 Restorationists understand the importance of using plants adapted to the region 
where they are working.  Blazing star collected within the Black Belt region could be 
grown commercially as a planting source either from seed or corms.  The planting of such 
materials would greatly increase the success of restoration efforts within the Gulf coastal 
states.     
 All parties involved in restoration efforts must have patience because desired 
prairie plant establishment may take decades.  Such projects are often costly due to site 
preparation, plant materials, and management practices.  Landowners and managers 
should seek cost-share opportunities through their state wildlife department, Natural 
Resources Conservation Service (NRCS), U.S. Fish and Wildlife Service (USFWS), and 
organizations such as Quail Unlimited.  Such agencies may fund a portion if not all costs 
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TOTAL NATIVE PLANT RICHNESS FOR THE 2007 GROWING SEASON IN  
REMNANT PRAIRIE AND GRASSLAND RESTORATION  





Appendix A.  Total native plant richness for the 2007 growing season in remnant 








Osborn Prairie Remnant Prairie 64 
USFS Chickasaw Prairie Remnant Prairie 47 
Morgan Hill Overlook (MHO)  > 5 yrs post-restoration 44 
Natchez Trace Parkway (NPS)  > 5 yrs post-restoration 49 
Prairie Livestock LLC (Field 
Border) 
 ≤ 5 yrs post-restoration 30 









PRESENCE OR ABSENCE OF PLANT SPECIES IN REMNANT PRAIRIES, 
PRAIRIES > 5 YRS POST-RESTORATION, AND PRAIRIES ≤ 5 YRS POST-






Appendix B.  Presence and absence of plant species in remnant prairies, prairies > 5-yr post-restoration, and prairies < 5-yr post 
restoration during 2007 in Mississippi.   
  Remnant >5 yrs restoration < 5 yrs restoration   
Common Name Scientific Name 16th Sec. USFS MHO CV-NPS PL - A PL-B 
Aesclepiadaceae        
White Milkweed (P) Asclepias variegata  XX XX XX  XX 
Agavaceae        
Agave Agave  virginica XX XX     
Anacardiaceae        
Poison Ivy Toxicodendron radicans XX XX  XX XX XX 
Winged Sumac (P) Rhus copallinum    XX   
Apiaceae        
Queen Anne’s Lace Daucus carota XX      
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Appendix B.  Continued. 
  Remnant >5 yrs restoration < 5 yrs restoration   
Common Name Scientific Name 16th Sec. USFS MHO CV-NPS PL - A PL-B 
Asteraceae        
Common Ragweed Ambrosia artimissifolia XX   XX XX XX 
Giant Ragweed Ambrosia trifida XX    XX XX 
New England Aster (P) Aster  novae-angliae XX XX     
Hairy Aster (P) Aster pilosus XX XX  XX XX XX 
Bull Thistle Cirsium vulgare XX XX XX XX  XX 
Daisy Fleabane (P) Erigeron strigosus XX XX XX XX  XX 
Scaly Blazing Star (P) Liatris squarrosa XX XX     
Black-Eyed Susan (P)  Rubeckia hirta XX     XX 
Gray-Headed Coneflower (P) Ratibida pinnata XX XX     
Compass Plant (P) Silphium laciniatum XX XX     
Common Ironweed (P) Vernonia  fasciculate XX    XX XX 
Prairie Dock (P) Silphium terebinthinaceum  XX     
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Appendix B. Continued. 
  Remnant >5 yrs restoration < 5 yrs restoration   
Common Name Scientific Name 16th Sec. USFS MHO CV-NPS PL - A PL-B 
Sneezeweed (P) Helenium  autumnale XX XX XX    
Stiff Goldenrod (P) Oligoneuron rigidum XX XX     
Narrow Leaf Sunflower Helianthus angustifolius   XX    
Rough Sumpweed Iva annua XX    XX XX 
Late Boneset (P) Eupatorium serotinum   XX XX XX XX 
Eastern Baccharis Baccharis halimifolia   XX    
Maxmillian Sunflower (P) Helianthus maximilianii      XX 
Goldenrod Solidago canadensis  XX XX XX XX XX 
Woodland Sunflower Helianthus divaricatus  XX     
Blue Mistflower Eupatorium coelestinum    XX   
Lance Leafed Coreopsis Coreopsis lanceolata    XX   
Old-Field Goldenrod (P) Solidago nemoralis    XX   
Marestail Conyza canadensis     XX XX 
 69
 
Appendix B.  Continued. 
  Remnant >5 yrs restoration < 5 yrs restoration   
Common Name Scientific Name 16th Sec. USFS MHO CV-NPS PL - A PL-B 
Bignoniaceae        
Trumpet Creeper Campsis radicans   XX XX   
Campanulaceae        
Spiked Lobelia (P) Lobelia spicata XX  XX    
Caprifoliaceae        
Japanese Honeysuckle Lonicera japonica XX  XX XX XX  
Clusiaceae        
St. John’s Wort (P) Hypericum perforatum XX XX     
Convolvulaceae        
Morning Glory Ipomoea violacea XX   XX XX XX 
Cupressaceae        
Eastern Redcedar Juniperus virginiana XX      
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Appendix B.  Continued. 
  Remnant >5 yrs restoration < 5 yrs restoration   
Common Name Scientific Name 16th Sec. USFS MHO CV-NPS PL - A PL-B 
Cyperaceae        
Shallow Sedge Carex lurida  XX XX  XX XX 
Softstem Bulrush Schoenoplectus  tabernaemontani    XX   
Ebenaceae        
Common Persimmon Diospyros virginiana XX XX XX XX  XX 
Euphorbiaceae        
Spotted Spurge Euphorbia maculata XX     XX 
Flowering Spurge (P) Euphorbia corollata XX   XX  XX 
Wooly Croton (P) Croton capitatus XX      
Prairie Tea (P) Croton monanthogynus XX XX     
Fabaceae        
Yellow Puff Neptunia lutea XX      
Purple Prairie Clover Dalea purpurea XX XX     
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Appendix B.  Continued. 
  Remnant >5 yrs restoration < 5 yrs restoration   
Common Name Scientific Name 16th Sec. USFS MHO CV-NPS PL - A PL-B 
Rattlebox Crotalaria sagittalis XX XX     
White Prairie Clover Dalea candida XX      
Stiff Ticktrefoil Desmodium obtusum XX XX XX XX   
Trailing Lespedeza Lespedeza procumbens XX XX XX XX  XX 
Partridge Pea Chamaecrista fasciculata XX XX XX XX XX XX 
Garden Vetch Vicia sativa XX      
Serecia Lespedeza Lespedeza  cuneata XX XX XX XX   
Sensitive Briar Mimosa nuttallii XX XX    XX 
Sidebeak Pencilflower Stylosanthes biflora   XX    
Kobe Lespedeza Lespedeza striata   XX    
Virginia Lespedeza Lespedeza virginica   XX XX   
Honeylocust Gleditsia triacanthos      XX 
Milk Pea Galactia  regularis XX XX XX XX  XX 
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Appendix B.  Continued. 
  Remnant >5 yrs restoration < 5 yrs restoration   
Common Name Scientific Name 16th Sec. USFS MHO CV-NPS PL - A PL-B 
Eastern Redbud Cercis canadensis XX      
Round Headed Bush Clover Lespedeza capitata   XX XX   
Black Locust Robinia pseudoacacia      XX 
Sicklepod Cassia obtusifolia     XX  
Juncaceae        
Poverty Rush Juncus tenuis  XX     
Lamiaceae        
Slender Mountain Mint (P) Pycnanthemum tenuifolium XX XX XX    
Hoary Mountain Mint (P) Pycnanthemum incanum  XX     
Lyre Leaf Sage Salvia lyrata XX XX XX XX  XX 
Spotted Bee Balm (P) Monarda punctata XX      
Heal All Prunella vulgaris   XX    
Hyssop Skullcap (P) Scutellaria integrifolia   XX    
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Appendix B.  Continued. 
  Remnant >5 yrs restoration < 5 yrs restoration   
Common Name Scientific Name 16th Sec. USFS MHO CV-NPS PL - A PL-B 
Lauraceae        
Sassafras Sassafras albidum    XX   
Linaceae        
Yellow Flax Linum virginianum XX XX  XX   
Melastomataceae        
Maryland Meadowbeauty (P) Rhexia mariana   XX    
Oleaceae        
Green Ash Fraxinus pennsylvanica XX XX     
Onagraceae        
Southern Gaura (P) Gaura angustifolia XX XX  XX   
Oxalidaceae        
Yellow Wood Sorrel Oxalis stricta XX   XX  XX 
 74
 
Appendix B.  Continued. 
  Remnant >5 yrs restoration < 5 yrs restoration   
Common Name Scientific Name 16th Sec. USFS MHO CV-NPS PL - A PL-B 
Pinaceae        
Loblolly Pine Pinus taeda XX  XX XX   
Plantaginaceae        
Tall Plantain Plantago lanceolata      XX 
Poaceae        
Bushy Bluestem Andropogon  glomeratus XX    XX XX 
Broomsedge Andropogon virginicus XX XX XX XX XX XX 
Little Bluestem Schizachyrium scoparium XX XX XX XX XX XX 
Indiangrass Sorghastrum nutans XX XX XX XX XX XX 
Prairie Brome Bromus kalmii XX      
Open Flower Rosette Grass Dicanthelium laxiflorum XX  XX XX   
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Appendix B.  Continued. 
  Remnant >5 yrs restoration < 5 yrs restoration   
Common Name Scientific Name 16th Sec. USFS MHO CV-NPS PL - A PL-B 
Canada Wild Rye Elymus canadensis XX      
Side Oats Grams Grass Bouteola curtipendula XX     XX 
Switchgrass Panicum virgatum XX XX  XX XX XX 
Tall Fescue Festuca arundinacea XX XX   XX XX 
Signal Grass Brachiaria decumbens   XX  XX  
Fall Panicgrass Panicum  dichotomiflorum   XX XX   
Purple Lovegrass Eragrostis spectablilis  XX XX XX XX XX 
Dallisgrass Paspalum dilatatum   XX   XX 
Vasey Grass Paspalum urvillei   XX  XX  
Eastern Gamma Grass Tripsacum dactyloides    XX   
Big Bluestem Andropogon  gerardii  XX XX  XX XX 
Foxtail Setaria glauca XX XX XX  XX XX 
Johnsongrass Sorghum halpense XX     XX 
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Appendix B.  Continued. 
  Remnant >5 yrs restoration < 5 yrs restoration   
Common Name Scientific Name 16th Sec. USFS MHO CV-NPS PL - A PL-B 
Caucasian Bluestem Bothriochloa ischaemum XX     XX 
Bermudagrass Cynodon dactylon      XX 
Wiregrass Aristida stricta XX  XX    
Wooly Panicum Dicanthelium scoparium   XX XX   
Grease Grass Tridens strictus   XX XX   
Plume Grass Saccharum giganteum   XX XX   
Bahia Grass  
Paspalum notatum 
  XX    
Florida Paspalum Paspalum floridanum   XX XX  XX 
Crabgrass Digitaria sanguinalis     XX  
Polemoniaceae        
Greek Valerian Polemonium reptans      XX 
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Appendix B. Continued. 
  Remnant >5 yrs restoration < 5 yrs restoration   
Common Name Scientific Name 16th Sec. USFS MHO CV-NPS PL - A PL-B 
Polygolaceae        
Racemed Milkwort (P) Polygala polygama   XX    
Polygonaceae        
Curly Dock Rumex crispus XX    XX  
Annual Smartweed Polygonum pennsylvannica     XX  
Rhamnaceae        
Rattan Vine Berchemia scandens XX      
Rosaceae        
Chickasaw Plum Prunus angustifolia XX XX     
Southern Dewberry (P) Rubus trivialis XX XX XX XX XX XX 
Wild Rose Rosa multiflora  XX     
Wild Strawberry (P) Duchesnia virginiana  XX  XX   
Common Cinqufoil (P) Potentilla simplex    XX   
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Appendix B.  Continued. 
  Remnant >5 yrs restoration < 5 yrs restoration   
Common Name Scientific Name 16th Sec. USFS MHO CV-NPS PL - A PL-B 
Yellow Hawthorn Crataegus flavus XX      
Horse Nettle Solanum carolinense     XX XX 
Ulmaceae        
Hackberry Celtis laevigata XX XX   XX XX 
Winged Elm Ulmus alata XX   XX   
Rubiaceae        
Poor Joe (P) Diodia teres   XX  XX  
Scrophulariaceae        
Moth Mullein Verbascum blattaria   XX    
Foxglove (P) Agalinus purpurea  XX  XX   
Smilacaceae        
Greenbriar Smilax rotundifolia XX   XX XX  




Appendix B.  Continued. 
  Remnant >5 yrs restoration < 5 yrs restoration 
Common Name Scientific Name 16th Sec. USFS MHO CV-NPS PL - A PL-B 
Verbenaceae        
Narrow-Leaved Vervain Verbena simplex  XX XX    
Vervain Verbena brasiliensis   XX  XX  
Violaceae        
Wild Violet Viola pratincola XX      
Vitaceae        
Pepper Vine Ampelopsis arborea  XX  XX XX  
(P)-Indicates prairie forb species (Ladd and Oberle, 2005) 
 
  
 
 
